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Feral goats (Capra hircus) have been re-
ported to negatively affect biota and physical
environments of several islands (Coblentz 1978,
Daly and Goriup 1987). Such effects included
overuse of favored plant species; absence of
seedling regeneration of favored plants; re-
placement of favored plants by nonpreferred
plants; initiation and acceleration of erosion;
reductions of standing-crop biomass, produc-
tivity, biodiversity, and stability; and potential
extinction (Coblentz 1990). Protection of in-
sular systems is probably impossible without

! Present address: CH2M HILL, 825 N.E. Multno-
mah, Suite 1300, Portland, OR 97232-2146.

elimination of feral goats (Vitousek 1988). En-
demic biota on San Clemente Island (SCI), Cal-
ifornia, have been severely degraded by feral
goats since 1875 (Johnson 1975); to date, 4 plant,
2 bird, and 1 reptile species endemic to SCI
have been listed under the Endangered Species
Act of 1973 (U.S. Navy 1979). An additional
24 plant and 5 animal species on SCI have been
considered for listing (U.S. Navy 1981:4-34 to
4-39).

Since 1934, SCI has been under the juris-
diction of the U.S. Navy. The Navy’s primary
objective for SCI was to protect species listed
as threatened or endangered; feral goats must
be removed to achieve this objective (U.S. Navy
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1981). Approximately 29,000 goats were re-
moved from SCI between 1972 and 1989 (J.
K. Larson, U.S. Navy, San Diego, Calif., pers.
commun., 1992) during an intensive feral goat
eradication program, but a small remnant pop-
ulation remained. Attempts to locate and erad-
icate SCI goats became increasingly inefficient
as the population decreased and survivors be-
come more wary.

The Judas goat technique uses gregarious
behavior of radio-collared goats to locate wide-
ly distributed remnant herds of feral goats
(Taylor and Katahira 1988). With this tech-
nique, a goat is fitted with a radio transmitter
and released in an area suspected of harboring
feral goats. Solitary goats have a strong drive
to locate conspecifics (Shackleton and Shank
1984), and they can locate other goats more
efficiently than can humans. After a Judas goat
joins a feral herd, all goats except the Judas
goat are killed. The Judas goat is spared so that
it will search out other goats (Taylor and Ka-
tahira 1988); this process continues until Judas
goats encounter only other Judas goats and
eradication is achieved.

In Hawaii Volcanoes National Park (HVNP),
remnant feral goat herds were located by re-
locating Judas goats at 2-month intervals (Tay-
lor and Katahira 1988). We postulated that
Judas goats could locate conspecifics in much
less than 2 months; less time between locations
could expedite eradication and reduce costs.

Our goal was to determine the effectiveness
of the Judas goat technique in eradicating the
remnant feral goat population on SCI. Our
specific objectives were to determine the length
of time required by Judas goats to establish
contact (initial encounter time) with remnant
goats on SCI and to locate conspecifics after
previously encountered goats were killed (sub-
sequent encounter time). Additionally, we
wanted to determine the duration of associa-
tion between Judas goats and remnant herds,
the area traversed by Judas goats, and the max-
imum effective search distance Judas goats
traveled to find conspecifics.

STUDY AREA

San Clemente Island, California, 109 km west of La
Jolla, California, is the southern-most of the 8 Channel
Islands. It is 34 km long and 1.6-6.5 km wide. Much
of the 148-km? island is steep and rocky. The eastern
side is an eroded fault-scarp rising to 600 m (Olmsted
1958) with several rugged canyons extending from the
highest elevation to sea level. The gently sloping west
side has deep (150 m) canyons.

METHODS

The study was conducted from June 1989 through
April 1991. Twelve female goats (8 in June 1989 and
4 in April 1990) were captured by net-gun on Santa
Catalina Island, California and transported by heli-
copter to SCI. Females were used because they were
more efficient than males at locating and joining rem-
nant goat herds (Taylor and Katahira 1988). Feral goats
from Santa Catalina Island were equipped with radio
collars (hereafter referred to as Judas goats), held <6
hours, and released into canyons where groups of feral
goats were observed during an initial survey of the
island or were suspected based on historical data.

Judas goats were located once or twice each day
using radio telemetry. The primary purpose of radio
telemetry was to obtain general locations of Judas goats
because accurate triangulation was impeded by topo-
graphic features. Once the general location (within 200
m) was identified, we used auditory and visual cues to
obtain a precise location. If goats were not observable,
we mimicked goat vocalizations to elicit a response.
Goats were observed with a spotting scope or binoculars
to aid in identification of individuals by coat color or
pattern, horn shape or size, and association with other
group members (e.g., juveniles with mothers). These
individual identifications helped to identify goats born
during the study as well as those killed and those re-
maining. Identification of all individuals allowed us to
estimate the total remnant goat population on SCI.

After release, Judas goats were radio-tracked from
the ground to determine initial and subsequent en-
counter times. An encounter was defined as being with-
in 50 m of =1 individual and sharing activities such
as moving in the same direction over the same period
of time.

We recorded individual identity, number per group,
duration of associations, and frequency of group changes
by Judas goats. Visual observations were used to esti-
mate limits of areas traversed by Judas goats. We de-
fined maximum effective search range as the long axis
across the area traversed by each Judas goat.

The initial shooting of remnant herds encountered
by Judas goats occurred between 15-18 September 1989.
Three Judas goats in 3 adjacent canyons were located
using radio telemetry and the remnant goats associated
with them were killed. Another Judas goat was hunted
exclusively for 4 consecutive days in February 1990 to
determine whether, after all associates were killed, a
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Judas goat would encounter conspecifics on a daily
basis.

An intense eradication effort began February 1990.
Shooting from the ground was conducted opportunis-
tically throughout the study and was periodically com-
bined with shooting from a helicopter after April 1990.

As remnant feral goats were eliminated, Judas goats
began locating other Judas goats. If a group of 2-3
Judas goats did not locate remnant herds within a 3-week
period, 1 or 2 were either recaptured and relocated,
or they were killed to encourage survivors to search
for and locate remnant herds. This continued until all
remnant feral goats were killed on SCI.

Repeated measures analysis (Devore and Peek 1986:
589) was used to test the null hypothesis that subsequent
encounter time remained constant as goat density de-
creased over time. Statistical significance was accepted
at P < 0.05.

RESULTS

Eleven of 12 Judas goats first encountered
conspecifics in <5 days. Mean time to initial
encounter was 2.4 days (n = 11, SE = 0.4,
range = 1-5). Subsequent encounter times av-
eraged 2.2 days (n = 11, SE = 0.5). Ten Judas
goats located conspecifics a minimum of 16
times each. Two Judas goats had <3 subse-
quent encounters and were therefore elimi-
nated from the repeated measures analysis. As
goat numbers decreased, we did not detect an
increase in subsequent encounter times (n =
10, P = 0.05). Eleven Judas goats were with
remnant feral goats virtually each time (often
daily) we located them during the first 12
months of the study. Only 1 Judas goat failed
to contact other goats, perhaps because no goats
were within its 3.2-km maximum effective
search range. Judas goats continued to locate
other goats quickly even when the population
totaled <6 goats.

Judas goats associated with 248 other feral
goats, and several goats were contacted by >1
Judas goat. Because encounters by each Judas
goat were treated independently, the total
number of associations was 303. The number
of goats encountered by each Judas goat (ex-
cluding 1 that encountered none) averaged 27.5
(n =11, SE = 6.2, range = 4-73). Judas goats
encountered another Judas goat on 10 separate

occasions, and groups of 3 Judas goats occurred
twice.

Feral goat herds were relatively ephemeral
associations. Mean feral goat group size was
5.0 (n =11, SE = 0.8, range = 2-17), and goats
remained in the same group for a mean of 11
days (n = 11, SE = 4.2, range = 1-60 days).
Once shooting began, duration of associations
often decreased because the associate goats were
killed. Judas goats traversed an area averaging
4.4 km? (n = 12, SE = 0.8, range = 0.7-11.2
km?) on SCIL The effective search range of
Judas goats averaged 4.8 km (n = 12, SE =
0.4, range = 2.8-7.1 km).

Twenty-eight associates of 3 different Judas
goats were killed in adjacent canyons during
the initial removal of remnant goats in Sep-
tember 1989. In this preliminary effort, 100%
of the goats in 2 of the 3 canyons were killed,
and 13% were killed in a third canyon.

A Judas goat that was hunted exclusively for
4 days encountered a new group daily. During
this period, 21 associate goats were killed, rep-
resenting approximately 10% of the total and
100% of the local population at the time.

Based on ages of feral goats killed during
the study, we estimated that there were 161
goats on SCI on 20 June 1989, when the study
began. During the next 16 months, we record-
ed 105 births. By April 1991, we had killed
260 feral goats and 3 goats had died from nat-
ural causes. The remaining 3 goats on SCI were
killed in September 1991, after our study was
completed. No other goats were seen between
September 1991 and October 1993 even though
16 Judas goats from a separate project re-
mained and over 100 hours was spent locating
and relocating Judas goats by foot and heli-
copter.

DISCUSSION

The Judas goat technique greatly facilitated
the successful eradication of feral goats from
SCI. On SCI, 263 feral goats were eliminated
in 22 months, and the last 3 goats were killed
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5 months later. These efforts represent an im-
provement over the previous 4-year period
when standard methods failed to remove a
population of <500 feral goats (J. K. Larson,
U.S. Navy, pers. commun., 1993).

Because we identified individual feral goats,
we knew group membership of remnant herds
in each area. This knowledge enhanced our
hunting efficiency by allowing us to predict
the number and location of remaining goats
and to assess our progress. Therefore we could
use various hunting strategies and take advan-
tage of terrain. For example, in the case of a
large herd in broken terrain, we could deploy
adequate numbers of shooters to cover all es-
cape routes. We felt that it was important to
kill entire remnant herds to eliminate escape
and to minimize learned wariness. Knowledge
of individual goats and their normal move-
ment patterns contributed considerably to the
successful eradication of goats from SCIL

Initial encounter time averaged 2.4 days, but
Judas goats may have encountered conspecifics
before we observed them. Two Judas goats
were released at sites historically known to con-
tain goats, but where no goats had been seen
recently; 1 never contacted conspecifics. The
lack of change in subsequent encounter times
as feral goat numbers decreased may have been
influenced by our increased knowledge of ar-
eas frequented by Judas goats and by our im-
proved ability to document subsequent en-
counters of Judas goats with feral goats over
time. Furthermore, Judas goats were so pro-
ficient at locating other goats that as long as
another goat occurred within their maximum
effective search range, they usually encoun-
tered it within 3 days. As remnant feral goats
were eliminated, Judas goats began locating
other Judas goats, indicating the effectiveness
of the technique.

Areas traversed by Judas goats on SCI gen-
erally were comparable to female feral goat
home-range sizes in New Zealand (Riney and
Caughley 1959), Hawaii (Yocum 1967), Santa
Catalina Island (Coblentz 1974), and Australia

(O’Brien 1984). Taylor and Katahira (1988)
did not report home-range size, but suggested
that home-range sizes were “fixed” in HVNP.
Similarly, areas traversed by Judas goats on
SCI did not change over time and goats did
not readily cross wide barriers such as the pre-
dominant north-south plateau on SCI.

Our data on the gregarious nature of Judas
goats agreed with that of Shackleton and Shank
(1984) and further demonstrated that goats
quickly sought company of other goats. The
Judas goat technique, when employed in a rig-
orous, intensive manner, was more efficient and
faster than previously reported for HVNP
(Taylor and Katahira 1988). The technique al-
lowed us to completely eliminate elusive rem-
nant feral goats on SCI.

MANAGEMENT RECOMMENDATIONS

The observation that Judas goats quickly
sought conspecifics is important to eradication
planning, allowing a large reduction in the
2-month interval used by Taylor and Katahira
(1988). For example, inaccessible areas could
be visited for relatively longer periods (1-2
weeks) rather than making repeated trips and
thereby extending the time available for goats
to reproduce.

To minimize the effort required to locate
the last few goats in an area and to minimize
effort spent documenting successful eradica-
tion, it is helpful to have an initial monitoring
period when individual feral goats are iden-
tified and population size is assessed.

We recommend releasing 1 Judas goat/2
km? as an approximate density that would fully
saturate most feral goat populations from which
home ranges have been reported (Riney and
Caughley 1959, Yocum 1967, Coblentz 1974:
53, O’Brien 1984). However, because goats ap-
parently avoided crossing large open areas, it
may be necessary to deploy more goats in areas
delineated by high ridges, wide plateaus, or
deep canyons where discrete populations may
reside. Based on initial and subsequent en-
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counter times, we recommend locating Judas
goats at 2- to 4-day intervals.

The Judas goat technique likely can be used
for any population density, but traditional re-
moval techniques may be more cost effective
during the initial eradication stages for dense
populations when goats can be easily located
(Rice 1991). In 1989, the remnant population
on SCI was already too small to assess the point
when the Judas goat technique becomes cost
effective. Nevertheless, the technique was ef-
fective on SCL. The Judas goat technique should
have the same potential on other oceanic is-
lands where eradication of goats is necessary
to provide long-term preservation of native bi-
ota. Therefore, we encourage eradication of
feral goats and strongly recommend the Judas
goat technique for finding and removing rem-
nant groups of any gregarious species in need
of control.

SUMMARY

Feral goat (Capra hircus) populations ad-
versely impact native insular biota and phys-
ical habitats worldwide. We began studying
the effectiveness of the Judas goat technique
for eradicating remnant feral goats on San Cle-
mente Island (SCI), California, in June 1989.
By September 1991, 266 feral goats had been
killed on SCI and no additional goats were
known to remain. The average length of time
required by radio-collared (Judas) goats to es-
tablish initial contact with remnant goats was
2.4 days, and time to subsequent encounters
with new goats averaged 2.2 days. Areas tra-
versed by Judas goats and maximum effective
search distance averaged 4.4 km? and 4.8 km,

sight to begin the arduous task of eradication
20 years ago. We are grateful to U.S. Depart-
ment of Agriculture Animal Damage Control
personnel, especially J. Turman and R. Phil-
lips, and M. Cain’s Skydance Helicopters, Inc.
for the ground and aerial shooting assistance.
We thank D. Van Vuren, T. Scott, T. Keegan,
D. Edge, and S. Olson-Edge for providing crit-
ical review of the manuscript. This is Oregon
Agricultural Experiment Station Technical
Report number 9932.

LITERATURE CITED

CosLENTZ, B. E. 1974. Ecology, behavior, and range
relationships of the feral goat. Ph.D. Thesis, Univ.
Michigan, Ann Arbor. 259pp.

. 1978. The effects of feral goats (Capra hir-

cus) on island ecosystems. Biol. Conserv. 13:279-

286.

. 1990. Exotic organisms: a dilemma for con-
servation biology. Conserv. Biol. 4:261-265.
DaLy, K., anp P. D. Gorive. 1987. Eradication of
feral goats from small islands. Int. Counc. Bird
Preservation, Fauna and Flora Preservation Soc.,

Cambridge, U.X., Study Rep. 17:1-46.

Devork, J. L., anp R. L. PEex. 1986. Statistics, the
exploration and analysis of data. West Publ. Co.,
St. Paul, Minn. 699pp.

Jounson, D. L. 1975. New evidence on the origin of
the fox, Urocyon littoralis clementae, and feral
goats on San Clemente Island, California. J. Mam-
mal. 56:925-927.

O’Brien, P. H. 1984, Feral goat home range: influ-
ence of social class and environmental variables.
Appl. Anim. Behav. Sci. 12:373-385.

OLwmsteD, F. H. 1958. Geologic reconnaissance of San
Clemente Island, California. U.S. Geol. Surv. Bull.
1071-B:55-68.

Ricg, C. G. 1991. Goat removal from Aguijan Island:
lessons for future efforts. Trans. West. Sect. Wildl.
Soc. 27:42-46.

RiNEY, T., AND G. CAUGHLEY. 1959. A study of home
range in a feral goat herd. N.Z. J. Sci. 2:157-170.

SHACKLETON, D. M., aND C. C. SHaNk. 1984. A review
of the social behavior of feral and wild sheep and
goats. J. Anim. Sci. 58:500-509.

respectively. Use of the Judas goat technique = TayLor, D, ap L. KaTaHRA. 1988. Radio telemetry

contributed substantially to feral goat eradi-
cation on SCIL

Acknowledgments.—We thank ]. Larson,
Natural Resource Office, Naval Air Station
North Island, U.S. Navy, for funding and lo-
gistical support, and more importantly, the in-

asan aid in eradicating remnant feral goats. Wildl.
Soc. Bull. 16:297-299.

U.S. Navy. 1979. Environmental impact assessment
for the San Clemente Island feral animal and ex-
otic plant removal programs. Wildl. and Nat. Re-
sour. Off., Staff Civil Eng., Naval Air Stn., North
Island. 32pp.

1981. Final environmental statement feral

This content downloaded from 199.106.195.8 on Thu, 19 Dec 2013 13:46:13 PM
All use subject to JSTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

FERAL GOAT ERADICATION ¢ Keegan et al. 61

animal removal program San Clemente Island. Nat.
Resour. Off., San Diego, Calif. 86pp.

Vitousek, P. M. 1988. Diversity and’ biological in-
vasions of oceanic islands. Pages 181-189 in E. O.
Wilson, ed. Biodiversity. Natl. Acad. Press, Wash-
ington, D.C.

Yocum, C. F. 1967. Ecology of feral goats in Hale-

Wildl. Soc. Bull. 22:61-68, 1994

akala National Parks, Maui, Hawaii. Am. Midl
Nat. 77:418-451.

Received 24 June 1992.
Accepted 28 May 1993.
Associate Editor: Swihart. §

GRAY WOLF RESPONSE TO REFUGE
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Road density in Minnesota and Wisconsin
has been shown to influence wolf (Canis lupus)
distribution and thus may be used to predict
the suitability of areas to sustain breeding pop-
ulations of wolves. Three studies (Thiel 1985,
Jensen et al. 1986, Mech et al. 1988) were in
general agreement that wolf packs did not per-
sist where road density exceeded approxi-
mately 0.6 km/km?. Low-density wolf popu-
lations may be supported at greater road
densities when adjacent areas have either no
roads or low road densities (Mech 1989). Man-
agement plans to benefit wolves may include
reduction of roads and seasonal or permanent
gating of roads to reduce human access (Land

! Present address: Ottawa National Forest, 801 Ad-
ams, Iron River, MI 49935.

2 Present address: Lockheed Engineering and Sci-
ences Company, Spatial Analysis Laboratory, 1050 Fla-
mingo Road, Las Vegas, NV 89119.

and Resour. Manage. Plan, Ottawa Natl. For.
1986, State of Minn. For.—Wildl. Hab. Man-
age. Guidelines, St. Paul, 1988 update).

Although it is generally assumed that road
access increases human-caused mortality of
wolves (Mech 1989), other factors such as
avoidance by wolves of roads used by humans
also may contribute to the road-density effect.
Wolf response to human habitation and roads
closed to human access has not been evaluated.
A better understanding of wolf behavior in
relation to human presence may help facilitate
wolf-human coexistence in areas of proposed
development or wolf recovery.

We examined wolf response to road types
(highway, secondary road, and gated road) and
to human presence at the boundaries of Kenai
National Wildlife Refuge (KNWR), Alaska.
Our purpose was to better characterize the
influence of human settlement on wolf distri-
bution.
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